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.)STR,,CT

The recent direct determinations of the energy of dissociation
of ClF Lito atoms necessitates a no-w value for the energy of
dissociation of the Fluorine Molecule. It is shown that the now value
of D(F2) = 32.6 k.cals/mol. is qualitatively supported by bond onor,ios
and bond distances in certain compounds and a possible reason for this
very low energy is suggested. This new value leads to considerable
changes in the value of D(HF) and the strength of the carbon-fluorine
bond in CF4 . Suggestions for further ivork to confirm this now value
are made.
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1, Introduction

whlst making an assessment of the use of Fluorine and its
compounds in the field of rocket propellants, a brief survey cf the
ther.ioche istry of fluorine was undertaken. The previously accepted
values are reasonably self-consistent as can be seen from the folloiwing:-

-F 2  F - 1 D(F2 )

HF 42F 2 + 1H 2 + A Hf(g) (HF)

HF ~H+F Hfo (g) (HF) - lD(F2) -D(Ha)

Thus DHF) = (F2) + (H2)- A Hf g)(HF). (The sign conventions
adopted are given in the ippendix.

The previously accepted values (1) for those quantities aro
D(F2 ) = 64.5 kcals/mol D(H) 103.2 k.cals/ml and A Hf)(HF) = -64.2
k.cals/mol, (of which the value for D(H 2) is quite certaii, thus D(HF),
calculated from the above equation, is 148 k.cals/mol. This value is -a
little hi&her than the value of 140 k.cal/mol obtained by a linear Birgo-
Sponor extrapolation of the vibrational levels of the ground state which
is rather surprising (vide infra), but, since the bond in HF is not
purely covalent, too much veight could not be placed on this extrapolation
and the figure of 148 k.cals/mol. vas accepted (e.g. Herzberg (2)).

The value of D(ClF) can be obtained as follows:-

CIF = 1019 + -b2 + AHf(g) (Olf)

iM-2 = 01'D 02

tA () - Dc2) 2)n(9

The value for D(Cl) is 58.02 kio4,/5,o1.cad t.paW.iel-
accepted value for H gi(CI), given by Ruff and 1enzel (3), is -25.7
k.cals/mol. From thes ±igures we get a value of D(ClF) of 87.0 kcals/mol.
Recently, however, new experimental values for D(CIF) of about 60 k.cals/mol.
and for A Hfow ClF) of about -15 k.cals/mol. havo boon obtained and thus
it is clear 1Rt a critical consideration of all this dat,, must be under-
taken.

2. The value of (F2 )

The value accepted by j-erzborg (2) for D(F2 ) is 2.8 o.V./mol. i.e.
64.5 kccals/mol. The absorption spectra of Fluorine shows no banded
structure and thus it is not possible to find D(F2) from a convergence
limit. Wartonbcrg, Sprenger and Taylor (4) compared the wavelengths of
the maxima in the absorption spectra of the halogens with the values for
the energies of dissociation and obtained a value D(F2 ) = 63.3. This
method hrs no theoretical basis and the figure was accepted because it
seemod to fit in with the D values (referred to 00K) of the other halogens
viz: -

D(12) = 35.55 k-cals/mol.
D(U-) = 45.4 k.cals ol.
D(C12) = 57.08 koals/mol.

/Bodonstain



Bodenstein, Jock-asch and Shing Hou Chong (5) have repeated the vork
on the absorption spectra and have slightly modified the results of
lartenberg et alia (4) on the position of the absorption maximum of fluorine.

i value of D(F2 ) = 70 ± 1 k.cals/mol. was obtained but again by an extra-
polation which is theoretically unjustifiable.

Gaydon (6) refers to some measurements by Desai (7) in which the long
wave absorption limnits of LiF, NaF and KF were measured. Thesc, when
combined with recent thormochcmical leasurcments, give values for D(F 2 ) of
24, 48 and 62 k.cals/mol. respectively (Dosai gave D(F 2 ) = 76 k.cals/mol.
but this is based on discredited thcr:ual data). Finally, Lcderlc (6) gives
a value of D(F 2 ) = 66.8 k.cals/:nol. fro-n an extrapolation of electron
affinity data.

It is clear that the previously accepted value of D(F2 ) = 64.5 k.ctLls/luol.

is not reliable; the work of Desai suggests the possibility of lover values.

3. The_Heat of por:ation of 11

The measure-,ent of the heat of fornation of HF is a reliable one, the
early figures being due to *,artcnbcrg and Fitzner (9) and Ruff and Laas (10).
The thermal data must be corrected for the polymerisation of IF in the vapour
phase (see Simons and Hildebrand (11). Ruff and Menzel (3) and Benesi and
Smyth (12))but this correction is small. Wartonbcrg and Schulza (13) have
carried out measure.mcnts at 10000 and have obtained a value which is very
close to the previous ones. Recently Wartcnborg (14) has slightly modified
this valuu and finds A Hf g) = 64.5 t 0.2 k.cals/mol. Wo shall ta1 the
v,lucs given in Rof. 1 viz:-

Jif(g) = -64.2 k.cals/mol. Ref.l also gives AHf g) = -426.0 k.cals/mol.
for

from hich it can be seen that any corrections for polymerisation are smcnll.

4. The value_of D (CF)

It was shovm in the Introduction that, with the previously accepted
values for D(F 2 ), D(O1 2 ) and A kf) (Hr,), the value of D(ClF) was 87.0

k.cals/mol. Recently, however, th absorption spectrum of C.Il has been

examined and a band system found Nwhich exhibits a very clear convergence

limit. 'Tahrhaftig (15) has obtained in this way the value D(ClF) = 60.31

k.cals/mol. and Schmitz and Schumacher (16), the value D(ClF) = 60.3
t 0.5 k.cal/mol. Both authors assume that dissociation produces an excited
fluorine atom (in 2P- state) vith an excitation energy of 1.16 k.cals/"tom.

There may thus be some uncertainty as to the state of th ato,ms formed on

dissociation but this cannot lead to an error greater than 1 or 2 k.ca1-s/JQl.

Jc sha ll acceot this value D(ClF) = 60.3 k.c J:s/mol. as does Gaydon (6).

5. The Heat of_Formation of ClF

Frodunhagen and Krefft (17) estimated by a compc,rison of the heat

evolved in the reactions botucen C12 + F2 and H2 + F 2 th.t the heat of thu
former reaction was not less than 22 cals/mol.

(i.J. IW)y (OlF) > 22 k.cal.s/mol.).

The reaction is certainly oxotheric and often occurs explosively.

Ruff and Laas (10) measured the heat evolved in the reaction

ClF + H2  FICL + HF + 58.6 k.cas

which gives a valuc of A Hf(g) (ClF) -27.5 k.cals/mol.

/Recently
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.Recently Schmitz and Schumachr (18) obtained a value of 0(lf).

= -15.0 ± 0.6 k.cals/mol. from the heat change in the following r 6tions.-

NaC1 + fF2 . NaF + IC12 + 39.5 ± 0.5 k.cals

NaCl + lF N _ F + 0 + 24*5 0.1 k.cals

t0l2 + T92  0 lf + 15.0 0 0.6 r*cals

Wicke (19), in the course of a discussion on the bond energies of fluorine
compounds, mentions that he has determined the value of AHf6 (C1F) =
-11.6 + 0.4 k.cals/mol. by direct coaination of the elemontN6ut does
not give details.

These recent values are quite incompatible with that of Ruff and
Laas (10) (AHf (ClF) -27.5 k.cals/mol.) and favour a distinctly lovor
value for AH 19g(CIF). We shall therefore accept the valuo ofA Hff (ClF) =

-15.0 t 0.6 k. s/mol, although it has been stated (20) that the r4tion
between F2 s.nd NaCl is difficult to initiate and maintain.

6. Reconsideration of th valuefor)

For the purpose of discussion we shall accept the followinp values viz:-

D(ClF) = 60.3 k.cals/mol.

A Hf 0g) (01Y) = 15.0 "

AH6g) (HF) = 64.2 "

D(C12) = 57.2 " "

D(H2) -103.2 "

With these we can determine the value of D(F2) as follows:-

CIF Cl + F - 60.3 k.cals
Cl 4-,n. + 29.0 "

i012 + 92 r CIF + 15.0

jF2  F - 16.5 "

thus D(F ) = 32.6 k.cals/mol. It should be noticed that the value of
Ruiff and2 aas (10) of AlHf?g,(CJF) = -27.5 k.cals/mol. is quite impossible
if we accept D(CIF) = 60 gs then D(F2) = 7.6 k.cals/mol. On the other
hand a value of - AH (ClF <15 k.cala/mol. is extremely unlikely
as CF is a stable, alth .h very reactive compound, and its formation
?rom its elements can be mildly explosive. We arc thus led to the conclusion
that if D(IF) = 60.3 kcals/mol. a low value for D(F2 ) must be accepted.

F%om the equations

H - H + 51.6 k.cals
F * 9F2  + 16.3 "

H + F -F +132.1

we obtain a value of D(HF) = 132.1 k.cals/mol. Gaydon (6) has compared
the spectroscopic values with the thermochemical values of D(nx), where
X is a halogEon. The spectroscopic values were obtained by a linear
Birge-Sponor extrapolation and are compared with the thermochemic l values

- /in
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in the folloAinE Table. The thermochemical values vico obt".inc.d fro-,I

A HfO,, (HX) (direct me asure:nmant) and D(X 2) and DH)derived Aom rnlhalo
spcfcelt§cpic :.;acasuro-.'ents.

LOBLE I

Molecule mocJhemical " 2 j 5c{ros5Jci

HI 71.5 96.8
BBr 87.4 110.7
HC1 102.3 124.5

HF 148 (a)
132 b) -

(a) previously accepted value
(b) value Dreferred in this note

It will be noted that the sDectroscopic values (linear Birpe-Siponer

extrapolation) are higher than the true values for HI, HiBr and HC1.

surprisingly the old value for D(HF) = 148 k.cals/mol. was higher than the

extrapolated fi6urc. The value of D(H-F) = 132 k.cals/mnol thus brings HF

into line with the other hydrogEn halides. This is, unfortunatcly, not

conclusive as, in some cases, the linear extrapolation gives values lower

than the true ones (Ref.6.Ch.V) but it is indicative as, in general, the

extrapolated are higher than the true values.

There is independent support for the lower valuc of D(F 2 ) in the bond

distances of certain bonds. Pauling (21) quotos 0.64 L as the bond radius

of covalent fluorine and this should lead to values of l.28i,A for the F-F

bond and 1.30A for the F-0 bond. The values actually found arc 1.435j,, for

F-F (Ref.24) in F 51.41. for O-F in F20, and l.42b. for 0-F in FON02

(Ref.21.P.L'A), 8 the other hand the values for BF (calculated 0.J4,'u

measured 0. 9iL) W%1i aZS' ((9iJ2d-a grb ~u~~ A4 e"ivbry -well.

S~n~i1g.-Ures i~a.hn ' t~~5~r 1Ll.~s~h dif f &enced-
ijhj iaVrmgx ba±xWObmn !i :dLth F jan&IC 1.

T43LE :

H-F 121 F-F 32.6 C-F 880 N-F 539(65.2): O-F 42.05
H-Cl 102.7 F-Cl 60.3 c-cl 66.5 N-Cl 38.4 (4' 2)0-Cl 49.3

A+ 29. 4 A -27.7 A + 21.5 A + 15.5 (19.o) A -6.5
p t

cl-F 60.3 SiF 130.8 S- 68.85
Cl-Clj 58.0 SiCl 87.4 s-i6.

A 2.3 L + 43.4 6+27

Thevalcs ivo inTabe I ageewith those of Pauling (21) and

Ski-nner (26) when the Pauling-Skimonrl values are correctod for the new

1/value
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value of D(F 2 ). The values for N-F and N-Cl in brackets are those

preferred by Skinner. If we now compare these figures with the values

of the bond radii given by pauling (21. p.1 64), the results in the following

table are obtained.

LIBLE III

L-j41H -V 0 N C Cl1 SIsi

Bond radius .30o.66 .7o 77 o99' 1.04
+__ 29.4 -27.7 -6.5 . +21.3 +2.3 +2.75 44,3.4

r calc. .94 1.28 : 1.50 - 1.41 1.63 - 1.81

r exp. .92 1.435 1.42 - .36- 1.3 - .54

m in CF4

In this Table, and the preceding one, Ais the difference in bond

energy between ,LF and AICl. With the exception of HF, it can be soon that

the value of A increases with increase .. rthe slitR&- (i.e. covalent

bond radius) and that the larger A is tIeAYPeroncZe between the calculated

and experimental bond distance. .t first sight it might be imagined that

fluorine would form stronger bonds than chlorine in corresponding compounds

on account of its greater electronogativity. Pauling (21,p. 2 2 5 et seq.) has

discussed this question and shown that the greater olectronogativity of'

fluorine migt lead to greater double bond contribution -ith fluorine compounds.

tha-ahwta 1chlOrin compouds04 The !narkedtdifferenci tetweon-the bond r.gth

However, Walsh (25) has pointed out that, in bonds between small atoms, a

large electronegativity in one of the atoms may lead to repulsion between the

bonding electrons and other electron orbitals and it is suggested that this

is the cause of the unexpectedly low bond strengths of F-F and F-0. 
These

conclusions are also supported by the differences in calculated 
and measured

bond distancts. The fact that H-F has the expected high bond strength may

be ascribed to the fact that there is no other electron orbital 
in the H

atom to lead to a repulsive force which would reducc the bond str-ngth.

Thus consideration of bond distances and bond strength 
qualitatively supports

the new low value of D(F 2) = 32.6 k.cals/mol.

There is one other indication of a low onerLy of dissociation 
of

Fluorine. Stacey (30) makes the following state :icnt, ".... under normal

conditions of teperaturc and pressure, gaseous fluorine acts in th. form

of molecular fluorine but at hicher te.eratur(s and particul!-.rly vhen

released from UF6, ,gF2 and CoF3, it reacts atomically...."

7. The strength of the C-F Bond

pauling (21) givos a value of 107 k.cals for the strongth:.of the

o,rbon-fluorine bond. This is based on a heat of sublimation of cz.rbon

of 124.3 k.cals/mol. and the value D(F ) = 63.5 k.cals/mol. He shows that

this agrees well ith other thermochc.-Ica data. Skinner (26) gives a

slightly different vz.iLuc of 13.75 k.cals/mol. The heat of formation of
cF riven in Ref.1, is A H f This, ith the

vc%luc of 124.3 k.c--.ls/-mol f g hLe fteat of sublima.tion of carbon and the

n7 value of D(F 2 ) = 32.6 k.cals/mol., leads to a value for the bond

strength of C-F of 83.0 k.ccls/mol. Further, from the value of -

-A Hf?(g)(c 2 F6) = 240 k.cc-ls/mol. (1) and the value of the C-C bond, given

-5- Ay



by Paulina (21) as 50.6 k.cals/mol.c vKLuo for the carbon-fluorine bond
strength of 88.0 k.cals is obtained. Thus the values arc consistent. There
arc, howievor, difficultics. Firstly the bond strength of ta- e.rbon-hy(rogen
bond is 87.3 k.cls (21) or 87.75 k.cals (26) which is aliost the s Va v_lue
as that for C-F. 74. is said to be stabile at tcooraturos of the order of
1000OC (22) whereas CH4 broaks dow.n into carbon and hydroo.en at 1200C (27).
This, however, :iay not be a serious objection as, oven if CF wor'L thcr:ally

0~4.dissociated at 1200 C, it would almost certainly be for ied a,..in on ooolin.,
unless special precautions were taken c.g. pyrolysis in an Lt:iosphcre of
hydrog,en whon HF would probably be foried. It is unlikely that CH4 would be
re-formed so easily. In any case, there is no direct correlation between
thermochem-ical bond enur-ies and the onergius necesjary to break bonds in
polyatomic molecules.

The second difficulty is, howcoer, more weighty. ic have shown that
the bond strength of C-F in C2F6 is 38.0 k.cals if the C-C bond strength is

58.6 k.cals. Broclway (23) has shown that the C-C bond distance in C2F6 is
1.45, as compared -;ith that Of 1.5 4A in C2H6. This must mean that the C-C
bond is much stronger in hexafluorothane than in ethane. This ses probable
in view of the well established greater thermal stability of fully fluorinated
hydrocarbons in comparison with normal hydrocarbons but is incompatible with
the heats of formation quoted above. It shoald be noted that the selection of
another value for the heat of sublimation of carbon, e.g. 170 k.cals/qr.atom,
will not' alter this situation. In this case the bond energies become:- C-H =

98.7 k.cals , C-F = 99.4 k.cals, C-C = 81 k.cals.

Wicko (19) has quoted a value for -AHf 0  (CV+) = 231 t 3 k.cals/mol.
This is stated to be unpublished work of v.W enberg but no details are given.

This new value leads to a bond energy of 105.3 k.cals for the C-F bond which
is, hovver, quite incorTatible Nwith the value of 240 k.cals/molo for
-AHi) (C2F6).

Thus, to sum up, the values for the heats of formation of OF,, and

C2F6 lead to a value for the strength of the C-F bond 
which may bZ acoptabi;

but does not explain the considerable shortening of the C-C bond in C-F6 and

the greater thermal stability of fluorinated hydrocarbons comdared with nor:!kl

hydrocarbons. , small increase in the value of -AH (C2F6) would be

sufficient, however, to give a notevorthy increase in Th C-C bond strength
in C2F6 e.g. a value of - LHf1 (02F6) = 250 k.cals/mol. would give C vcluu
for the C-C bond of 68.4 k.ca1.

8. Reco-mndatio

In the data so far discussed, it has been seen that the new vL ]ue for

D(F 2 ) explains some old facts but leads to difficulties with the heat of
formation of C2F6). There is, howievcr, one other difficulty. Fluorine

vapour shows no band structure in the visible spectrum according to Gaydon
(6), althou_1 bands h-ve been reported by ,llmand and iiaddison (23). I
dissociation energy of 32.6 k.cals/mol. corresponds to a vav-length cf
about 8,500 and therefore fluorine might have an absorption spectru: in
the very near infra-red. This is a subject for experimental invostigAticn.

,ccordinE to Bodensttin et alia (5) there is no therIT-l or photoche'-Acal
reaction between hydrogen and fluorine in a magnesium vessel at room
te-aporature. This vessel gave a very slow rate for the H2/C12 reaction -d
the authors believed that the valls of the magnesium vessel acted as very
efficint chain breakers. They did observe reaction in a platinum vessel

at -78 C a-d caso a slight photochemical effect. These roniarks are quotcd

from Noyes and Leighton (29). If the value of D(F2) = 32.6 k.cals/mol.

is correct, it mi-nt be possible to bring about the photochemical

dissociation of F2 with red li-ht and this should have a marked effect on

the H2/F2 reaction.

/It
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It is possible to account for the non-appearance of an absorption
spectrum in the very near infra-red if the first excited state of the F2
molecule is either very much above the ground state, which is not considered
very probable, or else is such that transitions from the ground state can
only occur with much hiLher energies than 32.6 k.cals/mol. This would
require a very steep repulsion curve, or one with a very shallow minimum,
for the excited state. This is possible but it must be rcalised that the
absence of absorption in the near infra-red would also imply that the H9/F2
reaction cannot be photochemically sensitised by light of such wavelengths.

It should be possible to measure experimentally the thermal
dissociation of fluorine from pressure changes as a function of temerature
in a closed system. (c.f. iodine). Admittedly, this is experimentally very
difficult but it would give unambiguous evidence if thermal dissociation
were observed.

Finally, it may be possible to get the value indirectly as suggested
by Gaydon (6) e.g.

Na(,) + F2(g) 19NaF(,) +

NaF(s) ** NaF (g) + Q2

NaF(g) N Na(g) + F(g) +

Na(g) ~ Nat.) + Q4_

tF2(g) F(g) + Q1 + Q2 + Q3 + Q4

The data lacking are Q2 and Q3. The measurement of Q2 involves the
measurement of the vapour pressure of NaFts This can be done but there
is some evidence that such molecules as (a2' )2 may be formed which would
lead to some ambiguity in interpretation (31). Q. could be determined
4ectroscopica-Lly e.g. atomic fluorescence,
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APPENDIX

SIGN cONVETTIONS FOR THER1CDNA[C T TIES

0

(a) Thc heat of formation, A Hf, is defined as the difference
between the total heat content, H, of the products and that
of the reactants in their "standard states" as defined by
Lewis & R-ndall (32).

A + B%AB

the heat of formation of the molecule ;,B is

~Hf0(,iB) = w - (H +HB)

It is clear from this th-t the heat of rea.ctioe Q, is equal to
- Hf. Thus, the heat of for-,ation of HF, A Hf (H), is equal
to -64.2 k.cals/mol. but the heat evolved in the reaction

2+ 1F2 . HF + Q

is q = + 64.2 k.cals/mol.

(b) The heat of dissociation of the diatoi-ic molccule '2, is written
D(, 2 ) and is the energy required to dissociato this molecule
in its ground state into atoms in the ground state; thus
D(C12 ) = 58.02 k.cals/mol. at -O0K and the dissociation reaction
can be -written

C12 * 2C1 - 58.02 k.cals

(c) The ther-wdynamic quantities refer to a reference temperature
of 300oK.

s.89
1072/49
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ADDENDUM

SI vRY

A study of the thermal and spectroscopic data on thallium
fluoride leads to the evaluation of D,(F2) as < 32 * 10 kkI.Qals/mol.

ITRCDUCTI 0

The problem of deciding between the two possible values for
o (F2 ) , (a) 2.8 ev (63.3 l in

the F 2 continuum, and (b) 1.4 eV 35. ... recent
spectroscopic and thermochemical data on CF, has been considered in
E.R.D.E. Tech. Memo. No.6/4/49; the evidence appears to favour strongly
the lower value.

Furtaer evidence for D (F2) - 33 t.qtl]/mol. eanb.3, obtaincd froatqpc;oi
and thermal data on thallium fluoride, TIF, by means of a simple

j thermochemical cycle.

Data on Thallium fluoride

The energy (H) levels of the TlF system involved are shown in

Fig. 1.

"ri - (IP')* F. (2 p)

NWOm AO(F) -t-L(TR)

I, TL-F ('nZ ,______

%~j)

IITedissociation energy, A He, for F2 ( p). 2

4



UNCLASSIFIED
The Qf term-fs and the S term arc (-A AH terms, hoat liberated by the
s,ystc-n rockonod positive; all the other t,.;r.s are (Li-T terms,"hcat
absorbed by the systemj reckoned Positive.

Thc siaiplcst possible cycle based on thosc TlF energy le,vols

ive s

D(Tl-F)g = -fD(F2) + L(Tl) + Qe5t(Tl-F),

i.ec. Di(F 2 ) = 2 D(Tl-F)g9 - L(Tl) - Qfst (Tl-F)g.

(i) Do (Tl-F), the dissociation cnurocry ef TI-F, < 4.7 CV(1086kicals/w~l)(1, 2)

(ii) L(Tl)j t c,lat(,nt heat of subli-iation of Tl,ea~4 /tm

(iii) QFst (Tl-F)g, the heat of for-nation of caseous Tl-F from

standard state elements, at 298 0K, is not known. The closest
approach to this term yet practicable comies from the expression

Qf't(Tl-F)g = Qf' (TlF)aq - S(TlF)cryst - X~(TlF)cryst

whaer e

(i) 4fSt(TlF)aq, the heat of formation of aqueous (TlF; -

77.5 k cal/(t 2980K

(ii) S (TlF)cryst) the heat of solution cf crystalline TlF in
water has not been measured.

We a e preparing thallium fluoride for a direct determiniaticn
of S900(TlF)Cryst. In the meantime an estimate of the value
of this term can be obtained by analoa.y i the heats of
solution of fpe ether hall c of thalliumP and the halides
of rubidium '~and caesium ~QTable I, (the corre spending
salts of thallium, rubidium and caesium show close resemblance
in physical properties).

TABLE I

Heats of solution (S) for MvIX

x ~S for YU t- H2 9 8, k4!ca1ls/mcl.)

M' bM= CS M TI

F + +5.9 + 8.5,

01 -4.4 -4.5 -10.3

Br -5.9 -6.6 13.7

-6.5 -8.1 -17.7

It seem:'s that S (TlF) wvill be in the ranLe 0 ± 5 k.lls/mol.

-12-
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UNCLASSIFIED
X(iii) )(TlF) t, the heat o ts'ubliM on of crystalline

TiF, w 1yoa /i, 'a 2980 ~'f

Conclusions

We have, thus, data of varyin but assessable accuracy for
the evaluc.tion of D(F2) by the expression

D(F2) = 2 {D('1-F)g-L(T1)-Qf s t (TIF)ae.s(TlF)cryst + ' (TlF)cryst

The combined errors in the avaluations of the L, S and ?terns are

almost certainly within the range i 0 j S andX(There3razsiJ,-rrors,

negligible in comparison Ath those considered above, in the direct
combination of ± AH2 98 terms (L, Qf, S and X) withAHo terms (D)).

The TIF data therefore lead to

D o(F 2 ) < 32 t 10 I..&s/aol.

S-13
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